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[57] ABSTRACT 

An auxiliary power supply system includes an internal 
combustion engine driving an alternator the output of 
which is rectified and supplied to DC bus lines across 
which a storage battery is connected. The DC bus lines 
may supply a consuming device such as an uninterrupti- 
ble power supply or telecommunications system. The 
voltage across the bus lines is sensed and when the 
voltage drops below a selected value, indicating that the 
consuming devices is drawing power from the battery 
beyond a desired limit, the engine is turned on for a 
period of time to warm it up, during which the power 
from the generator is not supplied to the DC bus lines. 
Thereafter, the generator supplies power to the DC bus 
lines to supply the consuming device and partially re- 
charge the battery until the consuming device is no 
longer drawing power, after which the engine is shut 
off. The power supply system includes a controller 
which monitors the intervals of time between turn-ons 
of the engine and if a selected period of time is ex- 
ceeded, the engine is started without supplying power 
from the generator to the DC bus lines to allow the 
engine and generator to warm-up, enhancing mainte- 
nance of the system. The operating characteristics of 
the engine and generator are sensed and stored for ac- 
cess by an operator and warnings are provided if these 
conditions exceed acceptable limits. 

9 Claims, 6 Drawing Sheets 
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connection of the AC generator is most typical] y uti- 

POWER SUPPLY SYSTEM FOR A lized in double inverter UPS systems in which the criti- 

TELECOMMUNICATION SYSTEM cal load is constantly supplied with power from the 

. UPS inverter even during normal operation. 

This is a continuation of Ser. No. 07/653,793 filed 5 The utilization of an auxiliary gasoline engine driven 

Fekl 1, 1991, entitled Auxiliary Power Supply System AC generator to provide the backup supply power is 

for Providing DC Power on Command, now U.S. Pat. useful but has certain disadvantages. Commonly, the 

No. 5.198,698. gasoline engines which power the generator will not 

FIELD OF THE INVENTION Star ? when needed - The unreliability of the gasoline 

... 10 engine is particularly a problem where the generator is 

This invention pertains to power supply units suited at a remote location where frequent preventive mainte- 

to provide backup electrical power in the case of failure nance is not possible or convenient Because such 

of the primary power from a source such as the com* standby generators are only occasionally started to 

mercial power grid supply power to the load during power outages, the 

BACKGROUND OF THE INVENTION 15 condition of 601)1 engines and generators can deteri- 

orate. For example, engines which run only infre- 

Unmterruptible power supplies or systems (UPS) are quently may be subject to corrosion problems caused by 
coming into common use to backup the power supplied condensation, lack of lubrication on bearing surfaces, 
from the commercial power system to critical loads and other problems associated with long term idleness, 
such as computers, telephone systems or medical equip- 20 If AC generators are utilized to provide power to a 
ment In case of a black-out or disturbance on the com- conventional double conversion UPS, the generators 
mercial power system, the UPS takes over the supply of must typically be oversized by a factor of 2.5 to 3 times, 
power to the critical load during the interruption. Al- Such oversizing is required because of the high crest 
though various designs are used for UPS systems, they factor load created by the double conversion of the AC 
typically provide power during black-outs from a stor- 25 power to DC power back to AC power. For example, 
age battery through an inverter to the critical load dur- a 10 kilowatt (KW) UPS generally will require a 25-30 
ing the time that the power system is down. KW AC generator. Additional costs are incurred for 

Because most UPS systems utilize a battery to pro- the installation and the cost of an automatic transfer 
vide the stored energy to power the critical load during switch. 

black-outs, the run time for UPS operation is limited by 30 If the critical loads are to be switched from the UPS 
the storage capacity of the battery. Thus, the most to the AC generator, once it is up and running, the 
straightforward present way of extending the UPS run generator must be phase locked and synchronized with 
time is simply to use additional batteries. However, this the output of the UPS so as to maintain a smooth transi- 
approach has several difficulties. One is cost, since the tion. This transition is often difficult unless sophisti- 
n umber of batteries required is generally proportional 35 cated and costly electronics are utilized. Such electron- 
to the desired run time. Moreover, increasing the num- ics adds to the cost and complexity of the system, but a 
ber of batteries presents additional , problems. Battery poor power transition can disrupt the flow of power to 
connections must be kept tightened and free of corro- a particularly critical load, such as a computer, and 
sion, which increases the maintenance cost. To achieve cause it to malfunction. 

optimum battery life, the batteries must be maintained 40 A problem associated with the use of AC generators 
fully charged and at the proper temperature. Battery connected directly to the load is that the AC generator 
storage rooms often require special ventilation. Multiple output is often unstable, which results in additional 
strings of batteries often become unbalanced as they system problems. To stabilize the frequency of the out- 
age. Large number of batteries also occupy valuable put, the engine/generator set is often oversized. Me- 
floor space and their weight may cause structural load- 45 chanical or electronic speed governor systems are re- 
ing problems. Furthermore, batteries commonly require quired, which add cost and complexity to the system 
replacement in three to five years, which may be sub- and reduce reliability. If the load on the AC generator 
stantially less than the life time of the UPS system as a changes in magnitude or phase angle, the output wave- 
whole, thus increasing the cost of the system over its form from the generator is often distorted. These distor- 
lifetime. 50 tions can affect the operation of the more sophisticated 

An alternative to the use of additional batteries to UPS models, which examine sags in their input wave- 
provide auxiliary power to a critical load during long form to anticipate outages and serious under-voltages. 
blackouts has been the use of a gasoline fueled alternat- Such cyclic load-induced variations in generator wave- 
ing current (AC) generator (alternator). AC generators forms can cause such UPS systems to revert to battery 
have traditionally been used to provide backup power 55 operation frequently, even when battery power is not 
to critical loads, including entire buildings, during long actually necessary to support the load. The result is 
power outages in the commercial power system. To battery depletion and reduced backup capabilities, 
avoid even a momentary interruption of power to criti- AC engine/generator sets have also been utilized as 
cal loads, a UPS may be used to supply the critical loads auxiliary power supplies for other applications where a 
for a short period of time, after which the gasoline 60 UPS is not necessary, for example, in telephone systems 
engine of . the AC generator is started, allowing the where the batteries which provide power to the tele- 
generator to take over the supply of power to the load. phone networks are charged with rectified power from 
This may be accomplished by disconnecting the UPS the AC power lines. Auxiliary engine/generator sets 
from the load and directly connecting the AC generator may be utilized to provide the charging power to these 
to the load during prolonged power outages. In some 65 batteries during power system failure. However, such 
UPS systems, the AC generator is switched in to the engine/generator sets have been subject to the same 
input terminals . of the UPS to substitute for the failed types of reliability and maintenance problems discussed 
line power during prolonged power outages. Such a above. 
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SUMMARY OF THE INVENTION ^.TS? ST?Sl!S uSSTT" 

During the time that the engine is operating, the con- 
In accordance with the present invention, an auxil- trailer preferably monitors several conditions of the 
iary power supply system is provided which provides engine and generator, including the date and time of the 
DC output power on demand to DC bus lines such as S exercise cycle, the DC output voltage from the genera- 
those across which a battery is connected which supply tor, the remaining fuel level in the fuel tank of the en- 
power to an uninterruptible power system, a telecom- gine, the battery voltage of the cranking battery that 
muni cation system, or other comparable DC load. The provides the cranking power to turn on the engine, the 
auxiliary power supply of the present invention includes engine block temperature, oil pressure, and the ambient 
an internal combustion engine connected to drive an 10 temperature, and may also monitor conditions of the 
ij alternator which preferably provides polyphase output DC bus line, such as the voltage across the DC bus lines 
H power to a rectifier which converts the AC power to and thereby the condition of the main storage battery 
J DC power. Filters are preferably used to filter the recti- supplying the UPS or the DC load. During exercise 
fied DC power to provide a low ripple output voltage engine operation, the controller stores the values of the 
to the DC bus lines. 15 system conditions that were monitored in non-volatile 

The auxiliary, power supply of the present invention memory and makes such values available for read-out, 
is advantageously utilized with a UPS -system which either by an operator at the she of the auxiliary power 
provides power to a critical load during momentary j system or through telemetry to a remote location, 
interruptions of power from the commercial power , Moreover, the controller preferably compares the mon- 
system. In such applications, the commercial power 20 itored system conditions with predetermined set point 
system would typically provide AC power to the criti- conditions and provides an error or warning signal if 
cal load during normal operation and would, either L the sensed conditions are outside of the boundaries 
through a separate rectifier or though the UPS system, specified by the set points. This warning may be pro- 
provide charging power to the storage battery to main- vided through an audible or visual signal (or both) pro- 
tain the charge condition of the battery. During such 25 vided to the operator at the site or remotely by teleme- 
normal operation, the auxiliary power system is not try. The sensing of system condition values which 
operating. Upon a power outage, the UPS system oper- would indicate a serious malfunction of the system, such 
ates in the usual manner to supply continuous AC as over-temperature of the engine, or very low fuel 
power to the load without interruption. The controller level, or deficient generator output voltage, will result 
of the auxiliary power system of the present invention 30 in the controller shutting down the auxiliary power 
monitors the operation of the UPS and the DC voltage system and disconnecting it from the DC bus lines so 
at the UPS battery and determines whether a long-term that no damage is done either to the auxiliary power 
power outage has occurred and whether the battery system or to the components connected to the DC bus 
supplying the UPS has sufficient reserve energy to sup- lines. Such monitoring and control of the auxiliary 
ply power to the load. Upon determination that auxil- 35 power system operation is carried out both during the 
iary power will be needed to augment the battery exercise cycling of the engine and during power supply 
power supplied to the UPS, the engine of the auxiliary operation where power is being provided to the DC bus 
power system is started. For an initial warm-up interval, lines. 

no power is supplied from the AC generator to the load. The auxiliary power system of the invention prefera- 
Upon adequate warm-up of the engine, the rectified 40 bly monitors the voltage across the DC bus lines to 
output of the alternator is connected to the DC bus lines determine if and when the engine should be started to 
both to provide power to the UPS which is transferred prepare to provide power to the bus lines. During nor- 
to the critical load and to recharge at least partially the mal operation when the commercial power grid is sup- 
storage battery. Because the auxiliary power generator plying power to the load and to the UPS to charge the 
provides its output power to the DC bus lines to which 45 battery, the voltage across the DC bus lines will be 
the storage battery is connected, there is no change in constant at a nominal value. Upon failure of line power, 
the output provided from the UPS during the switch- the UPS automatically switches in to supply power 
ing-in of power from the auxiliary power system, and from the battery to the load. This results in a decline in 
thus no disruption or disturbance in the AC power the voltage across the bus lines as the battery is drained, 
supplied to the critical load. 50 generally in exponential decaying manner. If the power 

It is a particular objective of the present invention to outage is relatively short, the auxiliary power system 
provide an auxiliary power system having a high reli- need not be activated. When supply of power from the 
ability engine/generator set by appropriate exercising commercial power system is resumed, the UPS will stop 
of the auxiliary power system and by monitoring of discharging the battery and power can be provided 
system conditions during the time that the system is 55 from the commercial power system to the battery to 
being exercised and during actual power supply opera- recharge it Relatively short power outages do not dam- 
tion. A computer controller within the auxiliary power age the battery and allow it to be readily recharged to 
system monitors the time elapsed since the last turn-on prepare for another power shortage. However, if the 
of the system, which may have occurred during an . voltage across the DC bus lines drops below a predeter- 
exercise operation or during actual power supply opera- 60 mined value, indicating either that the power outage is 
tion. If the time elapsed exceeds a predetermined inter- of a long duration or that the load on the battery 
val, the controller starts the engine to run the engine through the UPS is sufficiently great that the battery is 
and generator set with power disconnected from the being rapidly drained, the system controller starts the 
DC bus lines. The engine is run for a time sufficient to engine of the auxiliary power system. However, the 
properly exercise the engine and maintain adequate 65 rectified output voltage of the alternator is not immedi- 
lubrication and condition of moving parts in both the ately applied to the DC bus lines. Rather, the engine is 
engine and the generator. The length of time of running allowed to warm-up for a preset period of time so that 
of the engine may be predetermined to achieve a desired when the output of the alternator is connected to the 
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DC bus Enes the engine wfll be operating at norma] FIG. 4 is a block diagram showing a typical configu- 
oomUtions and the alternator will be running at proper ration in which AC generator sets, have been used to 
speeds so that the loading on the engine as the alternator provide auxiliary power to DC consuming equipment 
output ts switched-w to the DC bus lines will not ad- such as uninterruptible power supplies, 
versely affect the operation of the engine or the alterna- 5 FIG. 5 is a block diagram showing a connection of 
tor. When the output of the auxiliary power system is the auxiliary power system of the present invention to 
connected to the DC bus lines, the voltage provided by an uninterruptible power supply system, 
the auxiliary power system is greater than the voltage FIG. 6 is a block diagram illustrating the connection 
level provided from the battery at that time, but not at of the auxiliary power system of the present invention 
the level of the fully charged battery voltage under W to a telecommunications system, 
normal conditions. At such output voltage levels from FIG. 7 is a block diagram of the major components of 
the auxiliary power system, the power through the UPS toe auxiliary power system of the present invention, 
to the load win be provided entirely from the auxiliary FIG. 8 is a graph showing the voltage across the DC 
power system, and, in addition, the battery wfll be par- . DUS lmes to an uninterruptible power supply to which 
tially recharged with power from the auxiliary system. 13 ^e auxiliary power system of the present invention is 
The controller monitors the output of the voltage connected during a typical cycle of power outage, 
across the DC bus lines and controls the output of the FIG. 9 is a schematic circuit diagram of the alternator 
generator to maintain this voltage. Consequently, the control system and rectifier and filter in the auxiliary 
auxiliary power supply cannot overcharge the storage P° wer supply of the present invention, 
batteries. The auxiliary power system continues to pro- 20 DETAILED DESCRIPTION OF THF 

vide power to the UPS (or other DC load) for as long r^TrS 
as necessary. When commercial line power returns, 

commercial power is provided to the critical load and To best Hlustrate the utilization of the auxiliary power 
the controller senses the drop in the demand for load su PP'y of the present invention, conventional connec- 
current on the DC bus lines and turns itself off. The 25 f ions of AC generators to DC consuming loads are 
battery charger within the UPS or an auxiliary battery illustratively shown in block diagram form in FIGS. . 
charger then provides DC power from the commercial 1-4, FIG 1 shows a connection to a telecommunication (j 
power system to the DC bus lines to bring the storage system 15 which recdves power from multiple batteries 
batteries back to full charge. Consequently, the auxil- ? 6 connected between DC power lines 18 and 19. The 
iary power system of the present invention serves to 30 f atten ^ 1 f ^ charged normally from power provided 
maintain the storage batteries at optimum charge with- V° m ^ 2 J throu « h a tnmsfcr switch 22 to redun- 
out overcharging, and without the loss of water or ^[chargers 23 the DC output of which is connected 
electrolyte which would accompany overcharging or In C • and 19 J° charge Series 16. Upon 

excessive draining of the battery. The output of the « ? flu 7 ° f v A ° 2h 

auxiliary power system is preferably voltage regulated 35 ^ ferSw f h 22 15 sw, *hed«> Provide power from an 
and current limited to protect the batteries andoLr ^^tT^Z' ? throu £ A £P° wer * 

equipment connected to the DC bus lines. Output fuses ^ T h 22 l ° ** chargers 23 ^ S«*ttar * 
prevent damage from accidentally reversed connec- t™°t ft" necessary to maintain the charge on the 
tions to the external batteries. An J2£ 16 £ T^ 0 " of arrangement is shown in 

The alternator utilized in the auxiliary power system m whlch * C components are the same except 

is preferably a high frequency (greater Aa7wS I ^ ^ ™Tl AC generator 24 is provided to a 
polWbrushles^ K hT*^ , e ^ K 0Ut f ° f J* fch * COn " 

rectifier and filter system to provide exfremdy^ooth 2cS££T « * i " r^T* 

DC voltage to the DC bus lines. The smooth DC output 45 toS^^tft A?if ^ " 2* ? ^ 
voltage reduces the RMS magnitude of charging cur- hf."^ t 5 ^ ^° U ^ ordaagA y 
£ *k. ju * ■ . ^ , . tne generator would not be run as one as power is 

Further objects, features and advantages of the inven- 50 operation y • 0,tage Ior 

SXF*- fr0m M™***"** de - Most power consuming devices are adapted to oper- 
Sd^iL W C ° nJUnCtl0n Wth the aCCOmpa - on alternating current such as that cJnventSy 

y g ura wings. provided by commercial power systems. To maintain 

BRIEF DESCRIPTION OF THE DRAWINGS continuity of power supplied to such loads, uninterrupt- 
ln tfc» rfrawm^c 55 ibIe P° wer systems have been developed which auto- 

Sn ilT.wiij- v ■ ... piratically provide an AC output voltage to the critical 

FIG. 1 « a block diagram showmg a typical configu- load when power in the power system fails, generally 
Wh }- h AC 8CnCrat °^ SetS hav ^ to U with a minimum disruption in the wavX of ft 

prov.de auxiliary power to DC consuming equipment /voltage provided to the critical load. Typical prior 

RG^ e fhwn Ca, ' 0n T enlS - • , r 4^gemen te mwhichanACengi„e/gen^torsetare 

FIG. 2 is a block diagram showing a typical configu- 1 connected to an uninterruptible power system (UPS) 
ration in which AC generator sets have been used to are illustrated in FIGS. 3 and 4. As shown in FIG. 3. the 

provide auxiliary power to DC consuming equipment UPS 30 which provides AC output on lines 31 receives 

such as telecornmumcation systems. AC input power on a line 32 either from the AC power 

FIG. 3 is a block diagram showmg a typical configu- 65 lines 33 or an AC generator 34, depending on the poa- 

ration in which AC generator sets have been used to lion of a transfer switch 35. Under normal operation 

provide auxiliary power to DC consuming equipment the AC generator 34 is not operating and normal power 

such as uninterruptible power supplies. .fe provided from the line 33 through the switch 35 
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Upon power system failure, the UPS 30, which contains Typical connections of the auxiliary power system of 
an internal storage battery (not shown), immediately the present invention are shown in block diagram form 
provides AC output power which is supplied from the in FIGS. 5 and 6. With reference to FIG. 5, the auxil- 
internal battery. The AC generator 34 is then turned on iary power system 40 of the invention provides output 
and power is supplied from the generator through the 5 DC power, when activated, on DC output lines 41 and 
transfer switch 35 to the AC input lines 32 to the UPS. 42 which are connected to DC bus lines 43 and 44. A 
The UPS has an internal rectifier which rectifies the AC battery or batteries 45 are connected across the DC bus 
voltage on lines 32 to a DC voltage which is inverted to fees 43 and 44. The battery 45 may form the internal 
the AC output, although some UPS systems have been battery of an uninterruptible power supply system 46 
built to operate so that the AC input power is directly 1° which also includes rectifier, inverter and control corn- 
connected to the AC output hues 31. A common type of ponents represented collectively by the block 47 in 
UPS system called a double conversion system converts FIG. 5. These components receive AC input power on 
the AC input power on lines 32 to a DC voltage which lines 48 from the commercial AC power system and 
is applied in parallel to the storage battery voltage, and deliver AC output power on output lines 49 to the criti- 
the DC power is then inverted to an AC output power 1 5 load - The UPS 46 may be any type of UPS architec- 
so that the output inverter operates continuously, even including a double conversion UPS system in 

during normal power conditions on the AC output line. which the AC input power 48 is rectified to a DC volt- 
Other types of uninterruptible power supply systems do a S c leveI aPP^ed in parallel to the bus lines 43 and 44 
not have a constantly running inverter to invert the DC ^ constantly inverted to an AC power on the 
input power "to AC output power, but turn on the in- 20 ? r a svstem in which in the AC power on the 

verier only when power from the AC input lines fails. 48 ls transferred to the output lines 49 without 

A variation on the UPS architecture commonly used to ^ P° wer mdQT normal conditions, 

in the prior art is shown in FIG. 4. In this arrangement, for exam P le » b V a ferroresonant transformer be- 
the AC input lines 33 are directly connected to the tween the mDUt and 0Ut P ut - UPS system may also 
normal AC input connection of the UPS where, for 25 ^ ° rthc tv Pe directly connects the input power 
example, in a double conversion system the internal on the hnes 48 to AC out P ut Unes 49 durin 8 normal 
rectifier of the UPS would rectify this voltage to DC 0 P^Uon, but provides inverted power to the lines 49 
voltage which is applied across the battery of the UPS. . ? e DC bn ? lmes , 43 ^ d 44 durin f P° wer ««*gP* 

However, the output power on lines 36 provided by the , ft °\ AC Iines * Wllh of 

AC generator 34 is rectified by a rectifier 37 to a DC 30 sy8 f°* a ^ iary V™* 40 docs not nor ~ 

voltage which is provided on DC output lines 38 to the V™? 011 41 ^ lo ?i 

UPS 30. This DC output voltage from the rectifier 37 ^ f L P * ***** fr0m 2' 

would then be applied in paralid with the DC voltage "T* 2? f "JTZF ^ ' 

of the internal storage battery within the UPS 30. » ^ SyStem ^ « further below, determines 

but isnot constantly running. Due to the long periodsof ffifif ^ *" 

^ UmeS !I WlUCh 8 r e 1 erat ° r * 40 ™ e ^tem of FIG. 6 utilizes the auxiliary power 

^^^£ y feTS IT g ^ Cr " <° a «»*™ ™ ^ad, such as^ele^om- 

^s!TJZSi ZuLlTTl ^? system 50, which normally receives power 

t£ iS^f f ^ ° nnS ° f , th ? C IF ter * 45 » connected. When AC power is available from 

£ f£ I l ° Pr °? de a3tCrnatmg cur ' « an AC power system on power lines 51, a charger 52 is 

rentdirea y to me output hnes, such ge^rators must be operated to supply poweVon DC li» 53 to Ac bZ 

Z^M^?"™ a th L UnUed S *T } t0 IineS 43 and ^ to mamtain a charge on the battery 45 
provide 60 HZ output power at desired output voltages and supply t0 ^ Joad ^ fai]ure 

(eg., 120 V or 240 V), requiring provision for careful A C power system, the auxiliary power system 40 is 

control of output voltage, frequency and phase. Such 50 turned on to perform the duty of supplying charging 

requirements constrain not only the generator but also power to the battery 45 and to the load 50. 

the operation of the engme. and often require oversizing A Wock diagram of the auxiliary power supply sys- 

of the engine and generator to meet these requirements. t em 40 of the present invention shown illustratively 

In contrast, the auxiliary power system of the present connected to an uninterruptible power system (such as 

invention is specifically designed to provide DC output 5 5 the UPS 46 of FIG. 5) is shown in FIG. 7. Power is 

power at a controlled voltage level, utilizing rectifies- provided from an internal combustion engine 60 cou- 

tion of the output of a generator, so that it is not neces- pied by a shaft 61 to an alternator 62. The alternator 62 

sary to control the output frequency or phase of the preferably provides polyphase (e.g. t three phase) output 

alternator but rather only the effective DC voltage level power on power lines 63 which are connected to a 

delivered from the rectified output of the alternator. 60 bridge rectifier 64. A higher number of phases (e.g„ 9 

Consequently, the control of the alternator is simplified phase) may also be utilized, particularly where higher 

and the size of the alternator and engine driving it can power output is required. The rectifier 64 rectifies the 

be more appropriately sized to the maximum power alternating current from the alternator and provides 

output required from the engine/generator set. The DC output voltage on output lines 66 to a filter 67 

auxiliary power system of the present invention eflfec- 65 which filters out the ripples in the rectified output volt- 

tively acts as a regulated DC power source providing a age to provide a relatively constant output voltage on 

controllable DC output voltage under varying load the output lines 41 and 42 which are connected to the 

conditions- DC bus lines 43 and 44. 
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The monitoring and control of the auxiliary power (eg., approximately 100 Hz) polyphase winding (typi- 
supply is carried out by a microprocessor 70 with asso- cally three phase), selected to produce high quality DC 
dated read only memory (PROM) 71 and random ac- after rectification. If desired, a separate low frequency " 
cess memory (RAM) 72 under control of internal pro- (50 or 60 Hz) single phase winding may be added to 
gram in the PROM 71. The microprocessor receives 5 supply alternating current power to accessories. The 
operator input from an operator control panel 74> pro- output voltage of the armature winding is controlled by 
vides display of operating conditions and various pa- the current supplied to the routing field winding 
rameters on a visual display 75 which can be read by the through a slip ring commutator. The control of the 
operator, and communicates with remote devices 76 alternator field winding may be by a conventional feed- 
such as remote terminals connected by a telephone line 10 back controller 91, such as those used in arc welding 
or other telecommunications connection. power supplies, or under the control of the micro- 

The microprocessor 70 operating under the control processor 70 which monitors the DC bus voltage on the 
of its internal program monitors the state and operating DC bus lines 43 and 44 and provides appropriate feed- 
parameters of the system. In particular, the micro- back control signals to the field winding to maintain the 
processor monitors the voltage across the output lines 15 desired output voltage. 

41 and 42 and the DC bus lines 43 and 44 by lines 79 The battery or batteries 45 will be selected based on 
which are connected to an analog?to-digjta] converter a particular application. For example, the main battery 

80 which provides its digital output data indicative of 45 may be a multiple celled series or series-parallel 
the voltage across the DC bus to the microprocessor 70. connection of individual batteries, which are connected 
The microprocessor also receives readings on data lines 20 together to produce the desired voltage and ampere- 

81 from engine status sensors 82, such as oil pressure hour requirements of the load. For a given telecommu- 
and engine block temperature sensors, from sensors nication or other DC power load installation, the provi- 
which indicate the level of remaining fuel in the fuel sion of the auxiliary power supply 40 allows the battery 
tank 83, and from a sensor .which indicates the voltage 45 to be sized smaller than would otherwise be required 
on the starter battery 84 which provides power to the 25 to adequately handle the power requirements of the 
starter motor 85 which is used to start the engine 60. system. For UPS operation, the battery may be sized to 
The microprocessor 70 further provides control signals carry the critical load through short term outages, with 
on output lines 88 to an engine control system 87 which the auxiliary power system 40 supplying power during 
provides output signals on lines 89 to start the engine 60 prolonged outages. 

by supplying power from the battery 84 to the starter 30 The rectifier 64 comprises polyphase solid-state recti- 
motor 85, and to control the speed of the engine. Elec- fiers which convert the alternator output voltage to 
trical power for running the engine and recharging the direct current. The filters 76 may be formed in a con- 
battery 84 may be provided from a small alternator ventional manner of L-C elements to remove the high 
charger 90 driven by the engine. The microprocessor frequency ripple to provide a clean, low-ripple direct 
may also provide output control signals on a line 86 to 35 current on the output lines 41 and 42 to the DC bus lines 
an alternator controller 91 which supplies current to the 43 and 44. Additional filters may be connected to con- 
field winding of the alternator 62 to control the output trol electromagnetic interference, 
voltage provided from the alternator and thereby regu- The voltage sensing on the output lines 41 and 42 (or 
late the output voltage on the output lines 41 and 42. the DC bus lines 43 and 44 to which the output lines are 
Alternatively, the output voltage on the lines 41 and 42 40 connected) may be done both internally or externally, 
(or on the bus lines 43 and 44) may be fed back directly Internal sensing provides feedback to the alternator 
to the alternator and compared with a reference in a voltage regulator circuitry from the output terminals to 
conventional fashion in the controller 91. maintain the output voltage regulated to a reference. 

The engine 60, which acts as the prime mover in the External sensing provides feedback to the alternator 
power supply system, is preferably sized to support the 45 voltage regulator from either the battery terminal- 
shaft load required by the alternator system. Although s— maintaining a precise voltage at the battery— or 
the engine 60 may typically be a gasoline powered en- from the input terminals at the connected load. The 
gine (e.g., an.ONAN Gas Electric Model P218), the latter connection maintains the potential at the load end 
engine may be adapted to use other fuels, such as liquid of the cables. By utilizing external sensing, compensa- 
petroleum, diesel, kerosene, natural gas, and so forth. 50 tion is automatically provided for voltage drops in the 
The engine is preferably of- standard design utilizing cable connectors, thereby maintaining the prescribed 
automatic choking and fuel management devices to voltage at the load points at which the voltage sensors 
allow unattended operation, and the construction and are located. Preferably, the user can select the point at 
operation of such engines is well known in the art. The which voltage sensing is accomplished. When external 
engine is selected to provide adequate shaft torque to 55 sensing is used, the generator output voltage is automat- 
produce prescribed output power over a relatively wide ically adjusted so that a predetermined regulated volt- 
speed range. age appears at the battery terminals, thereby compen- 

The alternator is coupled to the output of the engine sating for the voltage drop in the connecting cables 41 
either directly or through belt drive to provide torque and 42 between the auxiliary power system 40 and the 
conversion. The alternator is preferably polyphase, 60 batteries. Where a telecommunication system is the 
having a rotary field winding with a minimal current load, the sense lines can be connected at the input termi- 
commutator and which is adapted to drive low voltage, nals of the load, thereby automatically correcting for 
high current DC loads such as, for example, alternators the voltage drop in the cables from the battery bank to 
adapted for DC electric arc welders, available from the load if long cables are required between the battery 
Miller Electric Manufacturing Company and other 65 bank and the load. 

manufacturers. The armature winding or output wind- The microprocessor 70 also preferably monitors the 
ing is stationary, with no brushes required in the output. auxiliary power supply output voltage and load current. 
The armature winding is preferably a high frequency If the output voltage becomes excessive, an alarm is 
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sounded which can be detected by the operator, and a operating, the microprocessor controller 70 preferably 
further increase of output voltage to a trigger level monitors several conditions of the engine 60 and gener- 
(e.g., 62 volts for a full charge battery voltage of 56 ator 62, including the date and time of the exercise 
volts) causes the microprocessor to shut the system cycle, the DC output voltage from the generator 62, the 
down, thereby protecting the batteries 45 from damage. 5 remaining fuel level in the fuel tank of the engine from 
The microprocessor may also monitor the load current the fuel sensor 83, the battery voltage of the cranking 
and limits the load current to a safe value. Fuses are battery 84 that provides the cranking power to turn on 
provided between the power system 40 and the output the engine and the engine block temperature, oil p res- 
lines 41 and 42 to further provide protection for current sure, and the ambient temperature, and the micro- 
overloads. The battery 45 voltage is also preferably 10 processor controller 70 may also monitor conditions of 
monitored and the engine operation is controlled appro- the DC bus line, such as the voltage across the DC bus 
priately. . When the power system of the invention is lines 43 and 44, and thereby the condition of the main 
connected to a bank of telecommunication supply bat- storage battery 45 supplying the UPS 47 or a DC load 
teries, during charging an alarm will be triggered fol- (not shown in FIG. 7). During exercise engine opera- 
lowed by turn-off when the temperature compensated 15 tion, the controller 70 stores the values of the system 
voltage reaches the prescribed level. At this point, the conditions that were monitored in non-volatile memory 
power provided from the auxiliary power system 40 is such as the PROM 71 and makes such values available 
not required, and the engine is shut-off. For UPS appli- for read-out, either by an operator at the site of the 
cations, the load current is sensed and when the load auxiliary power system on the display 75, or through 
current decreases to a small value (a default setting, 20 telemetry to a remote location at remote devices 76. 
such as 10 amperes or less) the system may interpret this Moreover, the controller 70 preferably compares the 
as an inverter shut-down, indicating that commercial monitored system conditions with predetermined set 
line power has returned, and thereafter the engine will point conditions and provides an error or warning sig- 
automatically be shut down. nal if the sensed conditions are outside of the boundaries 

The controller includes the microprocessor 70 (e.g., 25 specified by the set points, for example, by monitoring 
an NEC 7810 8 bit microprocessor) with ancillary firm- the DC voltage output of the rectifier 64 and the filter 
ware in the PROM 71 and conventional control cir- 67, provided on lines 116 and 117 to the alternator con- 
cuitry. Preset values for various engine and operating trol 91 and on the lines 86 to the microprocessor con- 
parameters are set to default values in the PROM, with troll er 70, while the engine 60 is running, and providing 
these preset values determining the operation of the 30 a warning signal to the operator if the output voltage is 
system. Although many parameters and calibration above or below predetermined limits. This warning 
constants can be preprogrammed, preferably these can may be provided through an audible or visual signal (or 
also be reprogrammed in the field but with parameters both) provided to the operator at the site via the display 
and constants maintained secure by utilizing password 75 or remotely by telemetry to the remote devices 76. 
control. 35 The sensing of system condition values which would 

The display 75 may be a high visibility display, for indicate a serious malfunction of the system, such as 

example, of the vacuum fluorescent type, which pro- over-temperature of the engine 60, or very low fuel 

vides the operator with significant information concern- level, or deficient generator output voltage, will result 

ing the operation of the system, such as output voltages, in the controller 70 shutting down the auxiliary power 

currents, operating times, default values, and a func- 40 system and disconnecting it from the DC lines 41 and 42 

ttonal log indicating the current state of the system and so that no damage is done either to the auxiliary power 

the history of the state of the system. system or to the components connected to the DC bus 

The microprocessor can communicate with the UPS lines. Such monitoring and control of the auxiliary 

47 through an RS232 port on lines 77, and may commu- power system operation is carried out both during the 

nicate with external remote terminals via the RS232 45 exercise cycling of the engine and during power supply 

port or an RS485 interface to the remote devices 76. operation where power is being provided to the DC bus 

The present invention provides an auxiliary power lines, 
system having a high reliability engine/generator set by As noted above, the auxiliary power system includes 

appropriate exercising of the auxiliary power system a cranking battery 84 and a starter motor 85, to which 

and by monitoring of system conditions during the time 50 the output of the cranking battery is supplied during 

that the system is being exercised and during actual starting. The microprocessor controller 70 monitors the . 

power supply operation. The computer controller 70 voltage of the cranking battery and provides a warning, 

within the auxiliary power system monitors the time as on the display 75, if the cranking battery voltage 

elapsed since the last turn-on of the engine 60, which drops below a predetermined level and starts the engine 

may have occurred during an exercise operation or 55 60 for a predetermined period of time if the cranking 

during actual power supply operation. If the time battery voltage drops below a selected level. The alter- 

elapsed exceeds a predetermined interval, the micro- nator battery charger 90 acts as a power supply driven 

processor controller 70 starts the engine 60 by provid- by the engine 60 for providing charging current to the 

ing a signal on the lines 88 to the engine control 87 to cranking battery during running of the engine 60 to 

run the engine 60 and generator 62 set with power 60 charge the cranking battery 84. 
disconnected from the DC lines 41 and 42 and the bus An exemplary graph of the voltage across the DC bus 

lines 43 and 44. The engine is run for a time sufficient to lines 43 and 44 at the battery 45 during a cycle in which 

properly exercise the engine 60 and maintain adequate the power from the power grid is interrupted and then 

lubrication and conditioning of moving parts in both the restored is shown in FIG. 8. In the section of the graph 

engine 60 and the generator 6Z The length of time of 65 labeled A the batteries are floating at full charge and the 

running of the engine 60 may be predetermined to UPS system may be conditioning line power to support 

achieve a desired system operating condition such as the critical load with the power grid functioning nor- 

engine temperature. During the time that the engine is mally. At point B the line power fails and the UPS 
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switches to supply power to the critical load from the 
battery: The battery voltage begins to fall with an expo- 
nential decline. However, at this point in time the auxil- 
iary power system 40 is not activated. As the battery 
voltage continues to fail, it passes a selected point C 5 
(eg., 46 volts on graph of FIG. 8) and the microproces- 
sor 70 provides a control signal to the engine controller 
87 to start the engine of the auxiliary power supply. 
However, at this time the output of the alternator is not 
provided to the DC bus lines. Thus, the voltage across 10 
the DC bus lines continues to decline as shown by the 
section labeled D in FIG. 8. The time during which the 
engine is running without power being delivered from 
the alternator is selected to allow the engine to warm up 
to the desired operating temperature before it is loaded. 15 
This period of time may vary depending on the engine 
design, but typically will be about 30 seconds. After the 
wannup interval has elapsed, the microprocessor pro- 
vides a signal to the alternator control 91 to provide the 
rectified output of the alternator to the DC bus lines at 20 
the time point E, which substantially immediately raises 
the battery voltage to the point labeled F, eg., from 
about 45 volts to about 52.5 volts as shown in FIG. 8. 
This is a voltage less than the full charge voltage (e.g., 
56 volts) of the battery. At this time, DC power is pro- 25 
yided from the auxiliary power system 40 to the UPS to 
be converted to AC power to the load, and further 
power is provided from the system 40 to the battery to 
charge the battery to about 80% of its full charge. Be- 
cause the DC bus voltage is limited to less than the full 30 
charge voltage of the battery, the auxiliary power sys- 
tem cannot overcharge the battery. 

The auxiliary power system 40 continues to provide 
power to the UPS as long as necessary, as illustrated by 
the constant line labeled G in FIG. 8. When the com- 35 
mercial line power returns* the UPS switches from 
inverter operation and functions only to condition line 
power for the critical load. The microprocessor senses 
the drop in current demand on the DC bus lines and 
disconnects the alternator from the DC bus lines and 40 
turns off the engine. The battery charger within the 
UPS system is activated to supply power from the 
power grid, as shown at the point H, which raises the 
voltage on the DC bus lines to the charging voltage. 
The voltage across the DC bus lines increases in a de- 45 
creasing exponential fashion, as indicated by the line I in 
FIG. 8, as the UPS battery charger brings the batteries 
back up to full charge using power from the power grid. 

A schematic circuit diagram of an exemplary output 
voltage control circuit for the alternator 62 is shown in 50 
FIG. 9. The voltage-current regulator 91 provides con- 
trol current on lines 100 to the field winding of the 
alternator 62 to maintain a desired output voltage across 
the output lines 41 and 42. The polyphase (e.g„ three 
phase) output of the alternator 62 is provided on output 55 
lines 63 to the rectifier 64 which is illustratively shown 
as being. composed of a full bridge of rectifying diodes 
102 with parallel capacitors 103. The output of the 
rectifier 64 on the output lines 66 is provided to a filter 
section 67 as illustratively shown in FIG. 9 as composed 60 
of a first parallel combination of a capacitor 104, resistor 
105 and varistor 106 connected between the output lines 
66, a series connected diode 107 with parallel capacitor 
108 to prevent backflqw of current into the rectifier 
from the DC lines 41 and 42, a further resistor 109 and 65 
varistor 110 connected across the lines 66, a series filter 
inductor 112, a fuse 113, and an output filter capacitor 
114 connected at the output across the lines 41 and 42. 
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The large parallel capacitor 104 (e.g., 50,000 microfar- 
ads), the output capacitor 114 (eg., 150 microfarads), 
and the series inductor 112 serve to substantially filter 
out the ripples in the output of the bridge 64 as well as 
filtering out high frequency electromagnetic interfer- 
ence. Current backflow into the large filter capacitor 
104 is prevented by the diode 107. Feedback of the 
output voltage is provided by a line 116, extending from 
connection to the upper conducting line 66, and a sec- 
ond conducting line 117 connected to the lower con- 
ducting line 66 which is electrically connected to the 
output line 42. To monitor current, a small shunt 120 
(eg., 50 milliohms) is connected in the return line and a 
further conducting line 121 is connected to the lower 
line 66 on the opposite side of the shunt 120 from the 
connection of the line 117. Thus, the voltage between 
the lines 117 and 121 will be related to the current in the 
return line. The voltage regulator 91 is conventionally 
provided with drive current from the alternator 62 on 
lines 123 and may function in a conventional fashion to 
control the output voltage and current to desired levels 
in accordance with preset adjustments of the voltage 
and current in the regulator in a fashion conventional in 
power supplies of this type, such as power supplies for 
arc welding machines. For example, the regulator may 
be set to provide an output voltage of 52.5 volts from 
the rectifier where the fully charged voltage of the 
storage battery 45 is 56 volts. If an overcurrent is de- 
tected, the regulator 91 can shut down the alternator by 
cutting off the current to the field winding. Alterna- 
tively, control signals may be provided on the control 
lines 86 from the microprocessor 70 to provide feedback 
signals to the voltage-current regulator indicating the 
desired voltage or current level to be maintained by the 
system at points in the system other than at the output of 
the rectifier. 

It is understood that the invention is not confined to 
the particular construction and embodiments illustrated 
herein, but embraces such modified forms thereof as 
come within the scope of the following claims. 

What is claimed is: 

1. A power supply system for a telecommunications 
system comprising: 

(a) DC bus lines which are connectable to a telecom- 
munications system; 

(b) a storage battery connected across the DC bus 
lines; 

(c) an internal combustion engine and means for re- 
sponding to a control signal to start the engine; 

(d) an alternator coupled to the engine to be driven 
by it and having AC output terminals; 

(e) a rectifier connected to the output terminals of the 
alternator for rectifying the AC output of the alter- 
nator to a DC voltage; 

(0 e means for filtering the DC voltage from the 
rectifier to provide a filtered DC voltage to the DC 
bus lines; 

(g) means for controlling the alternator when the 
engine is running to provide a controlled DC out- 
put voltage from the rectifier and the means for 
filtering to the DC bus lines so that the voltage 
across the DC bus lines is maintained at a selected 
voltage level; 

(h) a charger connected to receive power from an AC 
power system and connected to supply DC power 
to the DC bus lines when AC power is available 
from the AC power system; 



11/25/2002, EAST Version: 1.03.0002 



5,332,927 

15 16 

(i) control means connected to monitor the voltage an operator if a parameter falls outside a predetermined 

on the DC bus lines for providing a control signal to™ 1 for Ac value of the parameter, 

to turn on the engine when the voltage across the * power supply system of claim 1 wherein the 

DC bus lines drops belows a predetermined value c TO *F*?^ l^rT 

, c ... . r . v . t 5 tered DC voltage output of the rectifier and filter means 

and for controlling the means for controlling the whfle ^ ^ fc ^ ^ for providillg a waming 

alternator for acuvatmg the alternator to provide w ^ opcmoi y ^ output voltage * above or 

the DC output power from the rectifier and filter 5elow predetermined limits. 

means to the DC bus lines. 7 fhe power supply system of claim 1 wherein the 

2. The power supply system of claim 1 wherein the 10 engine includes a cranking battery and a starter motor 
voltage across the DC bus lines when the output of the to which the output of the cranking battery is supplied 
rectifier is connected thereto is maintained at a voltage during starting, and the control means includes means 
level below the nominal open circuit voltage level of for monitoring the voltage of the cranking. battery and 
the battery. wherein the control means provides a warning if the 

3. The power supply system of claim 1 wherein the 15 cranking battery voltage drops below a predetermined 
control means senses the current drawn from the alter- level .f d k stam en « me for a pr^eternuned period of 
nator on the DC bus line, and wherein the control 

means turns off the engine when current is not being supp]y means drjven by we engine for providing 

drawn from the alternator. 2 0 charging current to the cranking battery during running 

4. The power supply system of claim 1 wherein the bf the engine to charge the cranking battery, 
control means monitors the time elapsed since the last 8. The power supply system of claim 1 wherein the 
turn-off of the engine and if the time elapsed exceeds a control means controls the means for controlling the 
predetermined time interval the control means provides alternator so as not to supply power to the DC bus lines 
a control signal to start the engine and controls the 25 for a selected period of time after the engine has started 
alternator so that no power is delivered from the alter- to allow the engine to warm up, and for then activating 
nator to the DC bus lines, and controls the engine to run the alternator to provide the DC power from the recti- 

for a selected period of time to allow the engine to ™> the fflter me f s to ^ °f * u& ^ . . 

^ , , c . rr.u - 9. The power supply system of claim 1 wherein the 

adequately warm up and thereafter shuts off the engine. „ y ' " ZJlL^J^aJ J^***™****™ ««oi™ 

_ J r , . . . . , . 30 control means includes a microprocessor, an analog to 

5. The power supply system of claim 4 wherein the d]gital converter wwexaxA to ^ DC bus lines to re- 
control means includes means for monitoring engine the DC voltage at ^ battery and providing digi- 
temperature, oil pressure, and fuel level in a fuel tank ^ ^ corresponding to the DC voltage to the micro- 
which supplies fuel to the engine, wherein the control processor, the microprocessor providing control signals 
means stores the values of the sensed parameters in a 35 to the means for controlling the alternator to maintain 
memory, and provides the values in the memory for the DC voltage at the battery at a chosen level, 
interrogation by an operator and provides an alarm to * * * * * 
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